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THE WEATHER ELEMENT IN RAILROADING.’ 
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[Clark Untwraity, Worcester, Mass. Jsu. 81, 1022.1 

SYrnPBlS. 

Railroading in every clime has important weather problema to meet 
and overcome, for trains and tracks have no protection against the 
varioue elemente of nature. First of all. temperature extreme8 have a 
racking effect upon all ateel and iron work. Rails and car wheels, 
exposed to such aevere meteorological conditions, often break and 
delays sometimea result. To overcome these troubles. steel. made by 
the open-hearth proceaa is being used with good results. 

Of the various forma of p.kpitation anow is regarded aa the great 
enem of rail transportation. Each year millions of dollars are apent 
in fig&* the battle againat anow, for windbreaks of various sorts must 
be erected. snowplows of different t ea manned and equipped, and 
miles of snowsheds constructed. &%vy raina bring about floods 
which wash away bridgee. undermine roadbeds. and c a m  landslides. 
Abundant rainfall ah0 produces luxuriant vegetation, which is a great. 
nuiaance on earth ballasted roada; for, unless cleared from the tracks. 
train operation is rendered difficult. Moisture also greatly redupes the 
life of ties and other woodwork; and to combat this effect, expensive 

reeervative roc?mes have to be introduced. Sleet etorma and thun- 
!krahowera ozen put electrified linea out of commkion and thus create 
problem for the electrical engineer to solve. 

Wind is an important factor in railroading, for trains are mmetimea 
derailed by high winds. Snow and sand impelled by stro 
drift on the track. often delay transportation. and bring manaigc% 
problem for railroad engineers to sohe. 

The weather affects not only the track and rolling atock of t,he rail- 
road, but also the gooda which it transports. This is eapecially true of 
the transportation of perishable goode in which temperature is the all- 
controlling factor. To regulate roperly the tern ature of perishable 
goods in transit, precoolmg d icing stations E v e  been built and 
refrigerator and heater care have been invented. To the efficiency of 
them various nciw we owe the safe tramportation of many of our 
staple food p3uc te .  

INT~ODUCTION. 

To the railroad man, the various phases of the weather- 
the rain, the sleet, the snow, the hot d a p ,  the cold days- 
have a significant meaning, for each brmgs with it special 
problems which have to be met and overcome. Upon the 
solution of these problems much depends, for the railroad 
is such an indispensable agent in modern life that its 

1 Tim& submitted in coma8 on nutromloOy st C k k  University. 
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service must be kept up to the highest possible efficiency. 
In the olden days our forefathers procured life’s necessi- 
ties in the communities in which they lived-the town 
gristmill supplied the flour; clothes for the family were 
the product of the spinning wheel, and shoes were made 
from hides tanned at  home. The primitive community 
t.hus was able to take care of its ordinary wanta; and 
because of the poor means of communication then exist- 
ing, but little intercourse was carried on with the outside 
world. As time went on roads were built between the 
various communities, canals were du , rivers widened, 

broadened somewhat. 

years and have been mainly due to two agencies of trans- 
ortation-the steamship and the railroad. T d a y  we 

Lok to distant lands for the sources of raw material for 
our factories and we talk of world markets for our goods, 
all of which would seem like a dream to our ancestore and 
which would be impossible had it not been for the appli- 
cation of steam as a propelling agenc to land and water 

weather conditions which they have to face have far- 
reaching economic results. The problems connected with 
water transportation while very interesting are not so 
com lex as those related to railroadin and hence we 

paper. 
Although railroads are found in nearly every clime from 

the frozen plains of the north to the tro icd jungle, their 
greatest dcveloprnents have been reachJ in  the temperate 
zones. The building of these roads, now largely a matter 
of history, gives us many a heroic tale of how mighty 
rivers were bridged, towering mountains overcome, and 
hu e forests penetrated. To-day the story of railroading 

commerce began to spring up, and t k e horizon of man 

this line, however, have occurred within the last hun d The greatest developments alon 

trans ortation. These two modes o 9 transportation are 
now P ound in all parts of the’world and hence the varied 

shal P confine our discussion entirely to t B e latter in this 

1 
is Ig argely one of a battle against the elements of nature to 
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kee the roads running-heavy rains wash away bridges, 
b d s t ,  and track;. rot ties and cause landslides; drifting 
sand dunes often interrupt the service; snow blocks the 
tracks and revents the o eration of trains; sleet often 

[eat and cold not only raise havoc with the rails and loco- 
motives but also do considerable damage, unless precau- 
tionary measures are taken, to perishable goods in transit. 

Our problem then naturally divides itself into two 
parts-the effects of the weather upon the roadbed and 

stock and its effects u on the goods transported. 

uts elect 2 ed lines out o P commission; and extremes of 

::%all now discuss each in B etail. 

THE WEATHER ELEMENTS I N  MAINTENANOE OF WAY AND 
ROLLTNQ-STOOK PBOBLEYS. 

In railroading man has to furnish not only the vehicle 
but also the hghway; and since both have to withstand 
the attacks of nature, the railroader finds himself con- 
stantly fa& many problems that never a pear to those 

these problems, which entail upon the railroads large 
upkeep costs, becomes la ely a strug le against the van- 
ous weather elements. Tfe  story of tks battle as we shall 
soon see is very interesting. 

Temperature is an important element in railroading. 
Extremes of heat and cold have a rackin effect upon 

have to be made for this factor. Since steel when heated 
tends to expand, most railroads have track regulations 
which require foremen to pay particular attention to this 
element, the allowance to Be made depending u on the 
season of the year in which the rails are laid. A% track 
manuals have tables which provide for allowances of of 
an inch during coldest weather; of an inch during 

of an inch during the hot summer 
go=? Such general rules as this have been evolved as 
a guide because of the difficult? of determining the real 
tem erature of the rail when lmd. When followed, good 
res t.,g are obtained and buckling duo to ex ansion rarely 
occurs. In bridge construction, engineers ave to make 
similar allowances, the irders never being solidly em- 

The rackin effects of temperature upon rails are 

Commenting upon this pg,%-. H. Dude  , of the New York Central lines, 

temperatures and the rails contracted in the splice bars. 
December had excess temperatures and the rails re- 
expanded artidly in the splice bars. The cold wave 

but January was cold and in most places February and 
March. In that winter the railroads had the greatest 
e idemic of broken Bessemer steel rails, with 0.10 phos- 

ages due to the large phosphorus content of t ie Bessemer 
steel and the severe meteorological conditions caused the 
railroads to turn to rails made by the open-hearth process. 
Time has proven that these rails with their low phos- 
phorus content of 0.03 on the average stand up better 
than the Bessemer type under severe teIn eruture c‘im 
rlitioiis. To quote Dr. Dudley again “’hie winter uf 
1917-18 waa cold but the breakages clue to the cold ware 
i:i the basic open-hearth rails were not one-twentieth 

engaged in ot % er lines of transportation. f he solution of 

rails, girders, and other ironwork and care P ul allowances 

and fall, and 

R up 
bedded in the concrete a % utments. 

further broug % t out by the large breakages which often 

says: “The winter of d ovember, 1911-12, had deficiency 

commence a one or two days in the last of December 

p i orous that they ever e~perienced.~ Such eat break- 

the winter season. 

!? 

I for rolnylete tablesea F. 5. Prior: “Construction and Nlamtenance of liailway I:md 

1 Informatld fur&% b ’gr. P. H. Dudley, consultlug engineer rails, lires and 
)~e!l 11Ild Tracl ” Ap d l l  F 583. 

strtictiinl steel, New York dntd Ilnes. 

with hardly any rails breaking. 
The good results obtained with the rails also led to the 

making of solid steel car wheels by the same method. 
Defects and breakages were t,hereby lessened and tests 
have proven that these wheels can withstand the severe 
meteorological conditions to which they ara put better 
than any wheels previously made. 

Authorities u on this subject seem to be agreed that 

of making steel, the product is better able to endure the 
severe temperatures to which it is subjected. Hence we 
find rails and car wheels made in this way replacin those 
made by the Bessemer process. By following t % is re- 

lacement plan the railroads believe that they will be 
getter equipped to combat the effects of that all important 
weather element-tenzperabnreperature. 

The combination of a cold wave and a defective car 
wheel causes ma.ny ra.il breakages. Haines says on this 

: “ During the severe winter weather in Janua 

were broken by flat wheels. On a line in Minnesota a 
4-inch flat, spot on a rolled steel wheel in passenger service 
broke nine SO-pound rails in a distance of 3 iiiiles.” 
Thus rails that ordinarily would withstand severe tem- 
peratures succunib to the strain resulting from the above 
conditions. Railroads are spending thousands of dollars 
annually in rnaintainin an efficient inspection service in 
an effort to overcome tgs difficulty. 

Low temperatures combined with moisture in a dirt 
roadbed form ice which heaves the track and causes rails 
to s read. 9 crushed stone ballast does away with these 

forms a dustless roadbed which is,of decide advantage 
in dry weather. Uq-to-date lines have ballasted miles 
of their roadbed in ti& expensive fa.shion and have thus 
been able to operate them trains in a more efficient 
manner. 

It has also been found that low tern eratures tend to 
double the rolling friction of freight an 2 passenger trains. 
This, together with the increased head resistance which 
is due to the greater density of the cold air, furnishes the 
chief reason why train tonnage must be cut down in the 
wint.er. ‘l’lius these factors alon with the trouble of 

during the cold month of the year. 
Precipitation in its varied forms is robablg the most 

iniportmib weather element with whic % the radroad man 
has to contend. In the United States snow is particu- 
larly hostile to rail transportation and various methods 
liave been devised by the railroads to combat it. The 
problem of handling snow becomes more diflicult when 
wind enbers in as a factor, for- the snow, impelled by 

drifts” is n great winter astime amon the “Buc9 railroa men the 
tlie high wind, piles up in huge drifts. 

( v r  the United States. ?Po overcome t % e evils of drifting 
snow, tlie railroads in many parts of the country put up 
:wh aiitumn wooden fences in the fields don thew right 
of ways where drifts are likely to occur. i% ese fences 
;Ire usually from 4 to 6 feet high and consist of boards 
na.iled 3 or 4 inches apart on heavy wooden posts. They 

while the open- R earth process is a more expensive way 

T and !i- ebruary, 1912, ninny rails on lines in the Nort west 

% t.rou $3 les. Besides overcoming the ice dan ers, it also 

niakin steam in cold weather exp 9 ain why heavy trains 
often P lave great difficulties in starting out of stations 

4 11. S. IIsines. Emdent Rallway Operetian, Appsndix 6, p. 669. 
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serve as a very efficient barrier to snow driven along by 
high winds for “by breaking the force of the wind near 
the round it causes the snow to be precipitated in n drift 

relatively clear.’’ Many miles of these structures are 
set up ever7 year ancl as thousands of feet of lumber are 
used in their construction, this one item alone loonis big 
in the annual budget of snow removal expenditures. 
In an effort to reduce their snow-fi hting bills, some 

quick-growing young trees of both evergreen and decidu- 
ous varieties. To secure the best results the trees are 

on t R e leeward side of the fence, leaving the track beyond 

railroads have replaced these board B ences with hardy 

we now find i t  being used almost exclusive1 by many 

ence has shown that over a period of years, a snow fence 
of trees has a decided advantage over the old style 
board fence in respect to both efficiency and economy.”” 

The transcontinental lines that cross the Cascade 
Mountains of Washington and Oregon and the Sierra 
Nevadas of California have to contend with L snow 

roads in both the United States and Canada 9 or “experi- 

it can be seen that in order to keep the tracks clear in 
thi4 region of heaviest snowfall, such plows are an 
absolute necessity. 

High up in the mountains even the rotaries are of 110 
avail in kee ing the iron trail o en for travel and there 

usually made of heavy timbers and are roofed over and 
serve as tunnels through which the trains may pass. 
They are designed to sustain snow 16 feet in depth and 
where that limit is reached, it is necessary to shovel 
the excess off b hand. In spite of their massive struc- 

block transportation until the debris is ceared away. 
Some of the best-known snow sheds in the world are on 
the Overlahd Route of the Southern Pacific. Here it 
was found necessary to construct 32 miles of snowsheds 
in order to operate this line durin the winter months. 

single track and $65,000 a mile over double track. On 

snowsheds 1 ave been resorte d? to. These sheds are 

ture, sections o 9 the sheds sometimes colla se and thus 

These sheds were built “a t  a cost o B $42,000 a mile over 

P 

3 Snow and Railway Transportation, .\. H .  Paher, MO. WEATHER REV., OCt., 1919, 

”%&- Dimst. Apr. 17, 1820. Artirle “Trees 86 Snow l.‘eiires,” pp. 1%-157. 
7 P. J. Prior, Constructicm and Mi\lnteno‘lce of Hallway Roadbed and Trark, 11.223. 

the average 8150,000 a year is spent for upkeep and 
renewals, the expenditure for a typical year 1914 having 
been $65,000 for repairs and $91,000 for renewals. Ip 
wooden sheds such as these, the &e hazard is ve 
great. This necessitates the p a t r o y  of the s h e g  
every minute of the day and night and t e maintenance 
of fire-fighting trains a t  convenient points. As soon as 
u fire breaks out, the track’ walker tele hones to the 

of the conflawation. Some railroads have tried to do 
away with tks danger from fire by erecting concrete 
sheds but their initial cost renders this ty e of con- 

for example, “for 10 miles down the western slo e at 
the end of the Cascade Tunnel, 7Ci per cent of the 
dist.ance has been protected a t  a cost of near1 

ttnd n t,iniber roof designed for a load of 1,500 pounds 
per square foot.” 

Besides actually impeding traffic, snow is sometimes a 
costly factor in operation in that it occasionally causes 
dest,ructive slides. These slides not only sweep snow- 
sheds and track away but sometimes hurl a train to 
destruction. Thus “On January 22, 1916, a snowslide 
struck an all steel passenger train near Corea, Wash., 
cutting it in two and sweeping several coaches into the 
ravine below with the resultant loss of several lives. ’”O 

The New York Eveni Post of February 4, 1922, con- 
tains a dispatch from Tokyo, Japan, describing an acci- 
dent, in which 110 lives were lost and numbers of persona 
injured when a train was,struck and buried by an ava- 
lanche. Since the former accident the United States 
Weather Bureau has been making a study d snowslide 
conditions with the idea of being able to warn railroads 
when they are likely to occur and thus prevent such 
fatali ties. 

Snow is the enemy of transportation not only in the 
inountnins and country districts but also in the great city 
terminals. Here the maze of switches, signal ap aratus, 

often result. Several methods are employed to thaw them 
out, the most common being steam, gasoline, and electric 
heating devices. Coal in hopper-bottom cars often 
arrives at  destination frozen in the car. This is due to 
tho nlternate freezing and thawing of the snow on to the 

ing of t,he load, for it is very hard to get the frozen coal 
out of the car. To overcome all this, steamin sheds for 

minds.” From the above discussion it can be seen that 
the battle :tgainsta snow costs the railroads of the United 
States millions of dollars each year. Conservative esti- 
inntes place these costs in an ordinary winter at between 
five and six millions dollars. In  a severe winter it is safe 
to say that they would be several million more. Time 
will not permit us to tell the story of this costly im edi- 
nient to t,ransportation in other countries of the worl$but 
suffice it to sav that snow is a source of constant worry 
to the railroad man throughout the Temperate Zone. 

In  New England the ice storm of November, 1921, is 
still vivid in the minds of the railroad men. Trolley 
lines were, on the wliole. hit the hardest 8s feed wires and 
high-tension cables fell under the weight of the masses of 
ice that collecked upon t,hem, and thus many lines were 

nearest fire station and a train is rushe a to the scene 

struction almost prohibitive. “On the Great 8 orthern,” . 

$l,fjOO,OOO. These sheds have cnncrete retaining wal f s 

and turntables becomes blocked and frozen an B delays 

load. Delays and inconveniences often follow the P reez- 

thawing ont the loads have been built in the 7 arger ter- 

a Snow and Railway Tmnsportntlon, A .  H. Palmer, 310. WEATHER REV., October, 

10 &bi* and &llway Transportation, A. HI. %aImer, MO. W U T E B  REV., October, 

1 l b h .  WEATHER REV., March, 1919, p. 171. 

1919 p. 698. 

1019 699 

Q Halnes Efirlent Railway Operation 281. 
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ut  entirely out of commission. Railroad service waa, 

gowever, badly disrupted and trains were .hours late 
because their crew8 had to sto to remove poles and 

& Albany Railroad tried to keep its right of way clear of 
these obstacles by having the tracks patrolled by wreck- 
ing crews. So many trees and poles fell, however, that 
they were unable to cope with the situation and it became 
impossible to keep the trains on schedule time. The 
situation was also rendered more acute by the crippling of 
block-si al s stems and the freezing of switches and 
turntabg.  &ely this storm will long be remembered 
by the railroad men of New England. 

Glaze raises havoc with electrified lines. These lines 
draw their power from either overhead-wire contacts 

trees that were strewn across t E eir path. The Boston 

factory operation not only in sleet storms but also with 
the rad buried in snow.” la. Glaze and snow when 0nc.e 
frozen on the contacts, however, often give considerable 
trouble and sometimes threaten to tie up the operation of 
electric locomotives. To combat these effects, various 
methods have been devised, a favorite one bein the 

Island Railroad calcium chlor ighas done ood worf 

various t pes of overhead wires with the idea of pre- 

freezing temperature, but whether or not they have been 
extended to the high tension circuits of electri6ed rail- 
roads I am unable to say. Temperature problems also 
have to be considered when dealing with overheiid wires 
and the expansion and contraction of the same must be 
careful1 provided for. The roblern of the tliunder- 
storm a s 0  furnishes food for tgought. Severe thunder- 
storms seem to raise havoc with man electrified lines; 

with the entire electric division ractically rendered 

its service only by fa.lling back upon the old stream 
locomo tive. 

Such problems as the above seem to bear out the 
smtements of Haines in his book on “Efficient Railway 
Operation,” when he says that he believes that the elec- 

g of the third rail with a chemical so k ution 
whi sprar will melt the icy coatin . Thus on the Lon 

in this respect.1s Experiments have been pe 3 ormed on 

venting t I e formation of glaze by keeping them above a 

the New Haven a t  times being especi J y hard hit. Thus 

useless by such storms, the New 8 aven can inairitain 

trified railroad is still largely an experiment and that 
many of its problems have not yet been correctly ~olved.” 

Rain also does considerable dam e to the railroads of 

time when heavy rains together with melt‘ ice an snow 

have met this difficulty by replacing gravel ballast with 
crushed stone and by spending thousands of dollers for 
drainage systems for their right of way. 

Where railroads aas through narrow cuts heavy rains 

one such incident on the Portland ivision of the Boston 
& Maine Railroad, when traffic was blocked for several 
hours by a small landslide. To obviate this difficulty, the 
slo es of these cuts are being grassed over in an attempt 

walls have been uilt. 

2 the United States. This is especi 3 y true in the s ring- 

wash out gravel ballast and undermine trac Y s. Railroads 

often cause landsli a es. The writer ersonally remembers 

to E old them in lace. In some instances, also, retaining 

1 

g 

buried several feet dee in the mud. The Missouri Pa- 
cific yards in Kansas &ty seemed to be the playground 
for the flood. Frei h t  cars and shiftin engines were 

iles of dbbris, which often mounted to a height of 40 
feet. Thus it can be seen that the railroad ro erty 

This statement becomes more appalling when we look 
a t  the figures, the flood of 1913-a particularly de- 
structive one-destroying railroad property valued a t  
$16,168,565.18 

Roads that pass thro h regions of heavy precipitation 
suffer greatly from wee T s growing on the nght of wa 
This is especially true in tropical countries, where “& 
roadway is constantly being overgrown, and men am kept 
a t  work cutting down the weeds, underbrush, and trees. 
This involves great expense and seriously reduces the 
earnings of the roads. Recently tank cars which fm- 
quently spray the right of way with a strong poison have 
come into use, as on the Guayaquil-Quito line 111 Ecuador, 
and on the Tehuantepec Railroad.“ In many parts of 
the Temperate Zone weeds owing on the h t  of way 

Thus in the United States “the Union Pacific Railroad 
has used a gasoline weed burner, which scorches off the 
vegetation, and the salt water of Great Salt Lake sprin- 
kled over the roadbed has also been found to serve well 
as R weed destroyer.” 

In regions of heavy precipitation we find that the mois- 
ture has a destructive effect upon ties and other wood- 
work and may also be instrumental in the oxidization of 

scattered about, s m i  buildin were comp 5 etely wrecked, 
dead cattle and hogs were to f? e seen everywhere, as were 

destroyed by these floods amounts to millions o r e  do ars. 

of earth-ballasted roads a ff o present some 5 iEculties. 

0 8  IIZincs *‘C~%cient Hadmy Operation: Swt~ons onElectnfloatam “p .25-8T 78-69. 
16 U. -. &eather U m u  Nood Service Bulletin M, The Flood of fhe of 1808 

LII the U i ~ s a l  PI Wntnrshed p 57. 
la Gullrfiir 2 U. R .  Wenthe; Bureau, Flood and R i m  Semce, p. 41. 
17 I<. DeC. Ward: C h a C ,  p. 248. 
18 11. DeC. Wnrd: Climate, p. 315. 
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rails. In tropical and subtropical countries this seem to 
be very true, for there ties and trestles rot awa 

uickly. Thus “in Central America several bri B ges very of 
8regon pine between Escuintla and Palin were considered 
unsafe shortly after construction. It is said that no 
wood will stand in that climate; ties must be renewed 
every e$ht months and telegraph poles rot off in six 
months.’ 

Such frequent replacement of ties greatly increases the 
operating costs of the roads and has forced engineers to 
devise some plans to increase the life of the tie. Preserv- 
atives such as creosote have been used to good advantage 
in countries like India; while in other countries s ecial 

been tried out with excellent results. Tfis p7oblem has 
also been met in some places by tlie introductrion of steel 
ties. Thus on the Government railway system in Cape 
Colony 700,000 of these ties have been used and have 
given much satisfaction. 

In  the United States the tie problem is also a big one; 
for as our forests are fast being depleted, we find good 
ties becoming very scarce and also very high in price. 
Thus the railroads realize that they must adopt a olic. 
of conservation and use every effort to increase t i e  1iZ 
of the tie. While the ties used by the United States 
railroads have a longer period of. usefulness-the average 

from about 3 years for hemlock to 15 years for ranginf the re woods-experts are trying to add to their life’s 
s an. Experiment9 have proven that in order to do so 
$e wood must be subjected to rocesses that will over- 
come the effects of moisture. d e s e  processes consist of 
treating the wood with various solutions, such as zinc 
chloride and zinc creosote. Large and expensive plants 
have been erected by the various railroads for this pur- 
pose. The Chicago & North Western Railwa for ex- 
ample, has two such lants devoted exc1usiveTi to the 
treatment of ties. “bne  of these has a capacity of 
800,000 ties per annum and the other of 600,000; the 
timber being of pine, spuce or fi. In  the more recent 
plant a t  Riverton, Wyo., the retort is 0 feet in diameter 
with a track of 24+ inch gage, admitting at  one time a 
train of 16 cars each containing from 30 to 3? ties 
* * *. With four charges in 24 hours, the avb:age 
output is about 50,000 ties per 

As to the results which this rocess achieves, the 

enlightment, “The Atchison, Topeka & Santa Fe Railway 
officials, after more than 15 years’ trial on a large scale, 
believe they are getting from 11 t.o 13 years service 
from mountain pine having a natural life of a.bout 4 
years, while from natural (untreated) w1iit.e 0a.k they et. 

10 ears under light service.’’ aa 
Jteel tiea hn.re been but little used as substitutes for 

wood in the united States. The only road using them 
t.0 any extent is the Bessemer and Lake Erie where up 
to 1913, 850,000 of them 23 had been put into service. 
To protect these ties from weatshering, a coat of hot tar 
is ven thein before they are placed in the roadbed. 

Eecipitation also lias some markecl effects upon rolling 
stock. The slippery condition of the rails brought, about 
by the effects of rain, sleet, and snow greatly im airs 
train efficiency and necessitat,es tmhe use of sand in f t q e  

kinds of wood such as lignum-vitse or cam hor woo if have 

following quotation from Prior’s A P a.nu.uZ gives us much 

but 6 years in heavy main line service n.nd from cec 7 ar 

~~~~ ~~ ~~~ ~ 

In R .  M. Brown: Climatic Factors in Rnilroad Construction and operatinn, Jofirnal @I 
H. 8. h&d: Ed&t dailway Oporatlon, p. 2?9. 
H. 8. Halnes: Efficient Railwa Operation, p. 22(. 
F. J .  Prlor: Construction and gdamtenanm of R d m y  Roadbed and Traek. pp. 

H. 9. H.ines: Emdent Railway Operation, p. !BO. 

Gcngrapby A nl 1803 p B O  

a35-206. 

and we have seen the mensures which have been 
adopted by various railroads in combatin the same. 
When we turn to roads that, throug a desert or 
sandy regions, we find similnr o stacles in the shape of 
drifting sand to overcome. In  the United States;, 
railroads that, are forced to follow the sandy shore liw 
or river valleys have this problem to struggle wit,h. 
Trees have been planted, board fences have been erected, 
and other methods similar to those used in handling 
drifting snow have been devised. Thus on the Cdi- 
fornia coast the Southern Pacific Co. is waging a successfnl 
warfare against t.hie roblem by lanting acacia trees and 

dikes in Holland.a4 T%is plan lias been followed by the 
Canadian Pacific along sandy portions of its line, while 
other railroads, especially those in the Columbia Rive.r 
Valley, have resorted to the board fence as a means of 
checking the depredations of t,he drifting dunes. 

Wind velocities also have to be taken into consider- 
ation by the structural engineer when he t , lhks of steel 
brid es, and the effects of wind resistance must be calcu- 

days when gales are blowing. 
RJlroad accidents are often caused by heavy winds, 

and servic.e is somet.imes sus ended when the ale attains 
est Claire 

Railway, a narrow age road running from Ennis to 

At first, the engineers tried to break the force of the 
wind by building banks on tlie windward side of the 
road, but these proved of no avail. “Finally a presssure 
tube anemometer was installed to give warnin of winds 
of dangerous velocity by ringing a bell in t fl e station 
maste,rs house. Two warnings are given; the first 
when the inskuinont indicates 65 miles an hour and the 
second when the velocity rises to 85 miles an hour. 
When the first warnin has been given, 2,400 weight of 

are put on each car of the t-rain, t is being amply suffi- 
cient to prevant an overturn. If the second warning 
conies, the trains are stopped until the storm a.bates.JJs 
Such accidents sometimes occur in the United States 
although nowadays with tlie heavy equipment the are 

S.’ g., a thundersquall blew a train of about 50 empty 
stock cars froni the track.ae 

a coarse stout, beacf rass simi .y ar to that used on the 

late % by yardmasters when making up their trains on 

high velocities. Thus in f reland on the 

Kilkee, heavy wester s y gales have often derailed trains. 

R movable ballast, kept f or the pur ose at  every station, 

ver rare. However in September, 1931, a t  Sioux 5 alls, 

(See figure 1.) 
24 U. 8. Grological Surycy Bulletin Xo. 614, p . 110-111. 
2s Rymom’s Metcorplogical Magazmc March. $16 
 information fumlshed by C. F. Aden, t r a v d g  kesman for the Dymmd Simmons 

Hardware Co., an eyemtness. 
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THlG TRANSPORTATION OF PERISHABLE GOODS. 

No discussion of the weather element in trans orta- 

ling of perishable freight. Since a large bulk of our 
sta le food products are classified under this head, this 

ro \ lem has vital interest for each and every one. 
b o d s  of a perishable nature &re ver susceptible to 
dam e through temperature changes. %o guard against 
such Yi amage and to keep the goods in B salable concli- 
tion are duties that belong to refrigerator-car companies, 
fast-produce ex less lines, and railroad frei lit-trafic 
departments. As burden of responsibility w R ich rest.s 
upon their shoulders becomes very great because of the 
fitting fancies of the weather a.nd the sudden changes 
of temperature. 

In an attempt to overcome these conditions, and thus 
increase their efficienc in the transportation of perish- 
abies, railroads have < uilt and eqmpped large aiid ex- 
pensive icing plants at all the principal terminal tind 
unction pomts in the country. These plants are so 

located that whenever a car needs icing,it can be switched 
to one of them and have its bunkers filled very quickly. 
Besides icing lants, many railroads, particular17 in 
fruit-growing fi'tricts, own large recooling stations. 
Such plants have been erected by t R e Southern Pacific 
Co. at Roseville and Colton, Calif. We shall soon see 
how precooling greatly increases the efficiency of the re- 
f .  erator car. 
%e tramportation of perishable goods also involves 

large investments in refrigerator cars. There are in t,he 
Umted States about 140,000 refrigerator cars,27 most 
of which are owned b rivate car c.0mpanie.s. These 
companies are control&%largely b t8he packing and 

made and will safely trans ort goods even at  low tem- 

carry all gerishable goods safely through temperatures as 
low aa 20 (F.) below zero provided they are not subject 
to such tem eratures longer than three or four days at B 
time."" &h ordinary refrigerator cars, which are not 
so well constructed, a temperature of zero is considered 
the danger point for most perishable goods. 

Some cars of the ordinary box-c.ar t pe ~ H V C  been 
lined with matched boards and provide$ wit.h heaters. 
These cars axe known as heater cars a.nd a.re considered 
especially well adapted to the shipment. of potmatoes in 
the fall and winter months. Goods shipped in thew 
cars will stand an outside temperature of 20" below zero 
when a man is in ch 

by the m a r b t  gardeners in the southern United States 
during the spring and summer months for the shipment 
of vegetables. 

Sometimes during car shorta es perishable goods arc? 

apex and the goods are packed in straw or sawdust. 
Lperience has genera.ll shown that oods shipped in 

o u ~ d e  air temperature remained between 30 and 50'. 
Because of the great risks involved, however, t.he practicc 
of using these cars for such shipments is iiot generally 
recommended . 

From the above statements we can see that, railroads 
and refrigerator car companies have large sums of money 
invested in various types of equipment which arc de- 

tion would be complete without a word about the s iand- 

fruit-growing interests. The cars t % emselves are well 

peratures. "The better c Q ass of refrigerator cars will 

e to keep up the &ea. 
Cars with ventilate T doors are quite commonly used 

shipped in ordinary box cars. h ese cam are hned with 

this way have reached B estination safe f y as long as the 

___ ... 

signed to rotect perishable goods in transit. We shd 
now consi : er the transportation of some of these goods 
and see why this investment has been rendered necess 

The packing, the dairy, the markebgardening, and 
fruit- owing industries of the United States are ea- 

%he products of these various industries can find suit- 
able markets only by being transported long distances 
in refrigerator cars, and their salability at destination 
depends largely upon the care given them in transit by 
the railroad men. Thus these various interests and the 
railroads are inseparably .linked together. 

In shipping fresh meats, the almost universal practice 
of the packers is to use refrigerator cars in which the 
tern erature can be maintained at any desired degree. 

perature of from 36 to 40" and then loaded into cars 
which have the same temperature as the chill room. 
When these cars are traveling long distances, especially 
in summer it often becomes necessaqr to re-ice them, 
the frequency depending on the revding temperature. 

the other meats and ience requires reater care in 
shipping. Poultry in car-load lots is s& 

are made in containers which are 
ice and burlap. When the ice bunkers remain empty 
for any len th of time, the temperature within the car 
rises, and &IS haa a very deleterious effect u on the 

in- 
spector for a leading tramportation company he was 
called in on several occasions to view beef cars that had 
been under insufficient refrigeration while in transit. 
The effects were always quite visible-bluish spots and 
mold could be seen on nearly every carcass in such cars. 
This meat could not find ready sale in the market and 
for the losses sustained thereon the railroad because of 
its failure to ice the car properly was always held 
res onsible. 

f ish are shipped from the various seaports by express 
wid also by frei-ht. When shipped by express they are 

Less-than-carload lots by 
freight are shipped in R similar manner, while carload 
lots are ltcked in bins built in the car and are thoroughly 
iced. 8 s l i  kee best while in transit at  a tem erature 

iiient this factor niust be watched closely. 
Dairy products also need careful attention while on 

the road. These products are usually handled in an 
expeditious manner b the roads whch pass throu h 

refrigera tor service being regularly operated between 
these places and the eastern 'markets. Extremes of 
heat and cold are vwry injurious to cheese, while butter 
is seriously affected by being exposed to high tempera- 
tures. Proper refrigeration and the maintenance of a 
fairly stable temperature within the car are therefore 
very necessar if these slii rnents are to reach destina- 

for the proper liandlin of eggs and milk. 

are almost nlwnys Rcconipanid by ctri attendant who 
looks after the fire. The stove is usually located in the 
center of the car between the doors and from this point 
the heated air flows out in all directions. Since these 
cars are very often improper1 loaded and lined, the 
flow of heat is interfered witi  and the potatoes are 
often frozen. Investigntioris conducted by the United 

z 
eci 8 y dependent upon the railroads for their existence. 

Fres 1 beef before shipping is usually chilled to a tem- 

Pork is more quickly in ured by E igh temperatures than 

the same way as fresh meat, while am 

contents. During the writer's service as a caim P 

acked in I>arr& with ice. 

of about that o P melting ice aiid hence for success ! ul sh ip  

the dairy sections o ? the Middle West, fast freig % t 

tion in first-c r' ass shape. gmilar standards are also set 

Potatoes are usun K y shipped in heater c a ~  and 
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States Department of ,9griculture showed that only 
one car in every four cam inspected was “so lined and 
loaded that the heater could roper1 protect the car 
even under ideal firing con t! itions. ’ ‘m The Govern- 
ment therdore recommends that this ap alling situation 
be corrected by so linin and loadin t l e  cam thnt the 

uniform temperature to the entire load. Figure 2 
illustrates the correct methods they iise in securing the 
above-mentioned conditions. 

The citrus-fruit crop of California is one of the most 
important “ perishables ” that the railroads have to 
handle. Two methods are used in protecting these 
shipmanta while in transib-standard refri eration and 

is precoolinif carefu y sorted and packed and then “loaded into a 
refrigerator car before either the fruit or the car has 
been artificially cooled, the boxes being so packed as to 
allow a free circulation of air between and around 
them. When shipments originate in southern Cali- 
fornia after being loaded, the car is usual1 taken to 
some assembling oint, usually San Bernarzno on the 
line of the Santa 3 e or Colton on the line of the Southern 
P d c  and the bunkers are there filled with ice. As 
the car moves east the bunkers are opened from time to 
time and replenished with ice.’J3o Experiments con- 
ducted with these cars have shown that durin the 
h t  few days of the trip while the car is cooling $ o m ,  
the high tem erature and great moisture often produce 

result of these investigations precooling was introduced. 
This systam of refrigeration consists of preicing a refrig- 
erator car-that is, “icing the car before loading or 
cooling the fruit before loadin and loading into a - 
iced car. 
ent methods of precooling; the essential Jflerence being 
that in the former no attempt to cool the fruit is made 
until after it has been laced in the car. It has been 

little attention as regards icing in transit; in fact some 
cars have been known to make the trip from coast to 
coast without having their ice bunkers replenished. 
This saving of heavy icing bills and the better condition 
of the fmt u on arrival at destination seem to be the 

of the orange growers. 
Orange cars are e uipped with ventilators w lkh  can 

be opened and close1 at will. On the long trip acrosh 
the continent, the position of these ventilators has to 
be changed several times to conform to the demands of 
the various climates through which the car must pass. 
This duty along with many others of a similar nature 
falls upon the train crew to whose charge the refrigerator 
cars are entrusted and it is to their zeal and afliciencg 
that we owe the safe trans ortation of our ornnge vro . 
crops of the country from distant producing points to the 
large centers of consumption is also very hitwesting. 
The United States Department of Agriculture has con- 
ducted very thorough experiments in the s l ~  phi of 

warm air can circulate t L oughout t E e car and give an 

. In the former, the fruit after a eing Picked 

condihons w L ‘ch.hasten ripening and decay. As a 

Both carriers an 3 shippers ractice di F? er- 

found that cars shippe a under this system require but 

chief reasons !? or the adoption of this method by some 

The transportation of t % e other fruit and vegetabe P 

’many of these fruits and vegetables and the resu f f  t u  w iich 
- - __ _ - 
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they have obtained therefrom give us much valuable in- 
formation upon this subject. h m  these various in- 
vestigations, we learn that the so-called summer fruits- 
the peach, the cherry, the plum, and the strawberry- 
are more subject to injur in transportation than are the 

railroads are handling these tender fruits with ,-at cam 
and dispatch. To give them quick movement to distant 
markets, special, through trains ?re often run from the 
growing regions to distant ‘unction points, the Ozark 
strawberry specids of the dnsco lines being a particu- 
larly strihng example. 

l ime will not permit us to go into the transportation 
of each of these various crops in detail. Suffice it to sa , 
of Georgia, toniatoes from the far-away plains of 
Texas and strawberries from distant Louisiana aa well as 
many another fruit and garden dehcac only because 

highest efficiency the railroads often have to call upon 
the Weather Bureau for advice in regard to dan erous 

indicate that perishable shipments already in, or travel- 
ing toward, a certain revion are in danger, orders to pro- 
tect them are forwarde8 to the railroad men in that dis- 
trict. When such orders are received, the men sally 
forth to protect the freight and to battle with the nd- 
verse weather conditions and so in the final analysis we 
see that the efficiency of the railroads in their struggle 
against the weather elements depends not only upon 
their wonderful equipment and roadbed but also upon 
the loyalty and coo eration of their employees whom 

fall and winter fruits. H ence it comes about that the 

however, that you enjoy peaches from the orchar B s 

an efficient refn eration service makes t T eir transporta- 
tion possible. 8 n order to maintain this service at its 

temperatures. When reports from the Weather % ureau 

we term “the railroa s men.” 

CONCLUSIONS. 

From the above discussion we can draw many interest- 
ing and he1 ful conclusions. First of all, we see that 

stant and: costly battle agninst the weat er elements. 
Of these elements, temperature, precipitation, and wind 
have particularly destructive effects upon roadbed and 
rolling stock. To overconie these effects we find that 
railroads have to spend 1 e sums of money not only for 

repm the daniages to the shattered battle-ground. As 
these expenditures amount to millions of dollars annually, 
it can be seen that the railroads pay dearly for their v i e  
tory-yet a victory which means much to the life of the 
world. 

We also note that our present complex civilization de- 
niands of the railroads certain s ecial e uipment by 

safe manner from distant roducing re ons to t fe  great 

ture of millions of dollars which we may term as the cost 
of armor plate used in the protection of perishable goods 
against that all-important weather element, temperature. 

And yet in spit-e of these terrible costs the battle Foes 
on; no truce has ever been declared or ever will be, for 
fate has decreed the battle of the railroads with nature a 
perpetual one. 

E- rallroadin t \ e world over involves the wa mg of a con- 

equipment to carry on the Y attle but also for materials to 

means of which perishable foodst Jgb s can be rou h t  in a 

centers of consumption. $his also invo 7- ves the expendi- 


